Introduction
============

Silicosis is the most serious occupational disease and is caused by long-term inhalation of large amount of free silica dust and deposition in the lung to cause pulmonary fibrosis as the main pathological change. Silicosis is the most common type of pneumoconiosis with rapid progression and poor prognosis ([@b1-etm-0-0-7966]--[@b3-etm-0-0-7966]). As its specific pathogenesis has not been fully studied, there are no specific drugs that can alleviate or reverse silica-induced lung injury. The purpose of clinical treatment is to control the progressive development of lung injury, improve the quality of life and prolong the life span of the patients ([@b4-etm-0-0-7966],[@b5-etm-0-0-7966]).

Tetrandrine is a calcium channel blocker, and can reduce the level of type I and III collagen mRNA in lung tissue and collagen deposition in the lung. It can effectively alleviate pulmonary fibrosis and inflammatory reaction of the body, and is an effective drug for the treatment of silicosis ([@b6-etm-0-0-7966],[@b7-etm-0-0-7966]). N-acetylcysteine decreased the content of reactive oxygen species (ROS) in the lung tissue of rats exposed to silica, thus inhibiting apoptosis of mitochondria and alleviating the severity of pulmonary fibrosis ([@b8-etm-0-0-7966]). In recent years, a small number of studies have reported the therapeutic effect of tetrandrine combined with N-acetylcysteine in silicosis. The combination of the two can effectively alleviate the clinical symptoms such as cough, chest tightness and improve respiratory function in patients with silicosis ([@b9-etm-0-0-7966]). However, this method has not been widely used in clinical treatment, and its therapeutic effect has not been widely confirmed. In a rat model of silicosis, the therapeutic effect of tetrandrine combined with N-acetylcysteine was again verified. The results showed that the combined therapy could effectively reduce the levels of malondialdehyde (MDA), TNF-α and IL-6 in lung tissue and alleviate the silica-induced pulmonary fibrosis in rats ([@b10-etm-0-0-7966]). These studies have reported better therapeutic effects of tetrandrine combined with N-acetylcysteine in silicosis.

In order to confirm the therapeutic effect of tetrandrine combined with N-acetylcysteine in silicosis, this study used clinical experiments to verify and analyze the relationship between TNF-α, IL-6 and the clinical therapeutic effect, so as to provide guidance for clinical judgement of the prognosis of silicosis patients.

Patients and methods
====================

### General materials

In this study, 196 patients with silicosis admitted to Qingdao Central Hospital (Qingdao, China), aged 40 to 70 years, were collected by prospective analysis. The patients were divided into two groups according to the different methods of treatment. One hundred and eight patients in the control group received routine treatment, including anti-inflammatory, cough and asthma relief. Eighty-eight patients in the observation group were treated with tetrandrine combined with N-acetylcysteine on the basis of routine treatment.

Inclusion and exclusion criteria
--------------------------------

### Inclusion criteria

All patients met the 2015 GBZ70-2015 Diagnostic Criteria for Pneumoconiosis ([@b11-etm-0-0-7966]); the patient was treated for the first time in this hospital; the patients were not exposed to silicon dioxide during treatment; this study followed the principles of the Helsinki Declaration.

### Exclusion criteria

Patients with history of tuberculosis or period of tuberculosis activity; patients with other causes of pulmonary fibrosis; patients with lung tumor; patients with other severe organ dysfunction; patients with autoimmune diseases and history of it; patients with systemic inflammatory response syndrome; pregnant or lactating women.

The study was approved by the Ethics Committee of Qingdao Central Hospital, and patients were consulted by telephone or letter. Each patient and/or their family signed an informed consent form.

Therapeutic method
------------------

### Control group

Included anti-inflammatory, cough and asthma relief; the main drugs were ambroxol hydrochloride oral liquid (Harbin Renhuang Pharmaceutical Co., Ltd.; SFDA Approval no. H20067008) 10 ml/time, twice a day, tiobutramine bromide powder inhaler (Jiangsu Zhengda Tianqing Pharmaceutical Co., Ltd.; SFDA Approval no. H20060454), one each time, once a day, with nutritional support and lung rehabilitation training.

### Observation group

On the basis of the control group, tetrandrine combined with N-acetylcysteine was given. Tetrandrine (Zhejiang China Resources Sanjiu Zhongyi Pharmaceutical; SFDA Approval no. 2236H1330) 60 mg-100 mg/time, 3 times a day, taken for 6 days and then stopped for 1 day, with a course of treatment of 3 months. Acetylcysteine effervescent tablets (Zambon S.p.A.; SFDA Approval no. H20140449) 1 tablet/time, 1--2 times/day. The treatment lasted 8 months in both groups.

### Evaluation criteria

The curative effect of the two groups was analyzed by X-ray, and the incidence of adverse reactions was compared between the two groups. The changes of pulmonary function indexes and the distance of 6-min walking test were analyzed in the groups. The changes of IL-6 and TNF-α in the peripheral blood of the two groups were measured before and after treatment, and the relationship between IL-6, TNF-α and the therapeutic effect was analyzed.

### Test method

Efficacy assessment methods: TOSHIBA multi-function remote-control digital X-ray machine was purchased from Toshiba Medical Systems Co., Ltd.; all the patients were examined by X-ray before and after treatment, and the films were read by 3 attending doctors with 10-year working experience in this hospital. Grading: the lung texture is obviously reduced to be markedly effective, the lung shadow is reduced to be effective, the lung texture is not changed or even increased and aggravated in ineffective result. Total effective rate = markedly effective rate + effective rate.

### Lung function

MSPFT- B pulmonary function instrument was purchased from Shanghai Hanfei Medical Devices Co., Ltd.; main observation indexes were respiratory rate (RR), forced vital capacity (FVC), and first second forced expiratory volume (FEV1).

### 6-min walk experiment

A 20 m-long straight line was plotted on the flat to record the patient\'s 6-min walking distance and assess the patient\'s exercise tolerance.

### ELISA

Levels of IL-6, TNF-α were detected by ELISA; the test kits were purchased from Wuhan Ellette Biotechnology Co., Ltd. (SFDA Approval no. E-EL-H0102c, E-EL-H0109c), and the specific test steps referred to the kit instructions.

### Statistical analysis

SPSS 19.0 (Asia Analytics Formerly SPSS China) was used. Enumeration data were expressed in rates. χ^2^ test was used to compare the rate. Measurement data were expressed in mean ± SD. Independent sample t-test was used for comparison between the two groups. Paired t-test was used for intra-group comparison. The relationship between IL-6, TNF-α and the therapeutic effect was analyzed by ROC curve. P\<0.05 was considered a statistically significant difference.

Results
=======

### General materials

There were 108 patients in the control group, including 70 males (64.81%) and 38 females (35.19%) aged 48.67±12.59 years. There were 88 patients in the observation group, including 61 males (69.32%) and 27 females (30.68%) aged 52.44±14.72 years. There was no significant difference in sex ratio and age between the two groups (P\>0.05). There was no significant difference in BMI, stage, dust exposure time and type of work between the two groups (P\>0.05) ([Table I](#tI-etm-0-0-7966){ref-type="table"}).

### Analysis of clinical efficacy

The markedly effective rate and total effective rate of treatment in the observation group were significantly higher than those in the control group (P\<0.05), and the ineffective rate was lower than that in the control group (P\<0.05). There was no significant difference in the effective rate between the two groups (P\>0.05) ([Table II](#tII-etm-0-0-7966){ref-type="table"}).

### Incidence of complications

In the control group, complications (abdominal distension, nausea, itching of the skin) occurred in 7 cases. In the observation group, complications (abdominal distension, nausea, skin rashes, itching of the skin and transaminase elevation) occurred in 11 cases, and disappeared after withdrawal. There was no significant difference in the incidence of complications between the two groups (P\>0.05) ([Table III](#tIII-etm-0-0-7966){ref-type="table"}).

### Lung function

There was no significant difference in RR, FVC and FEV1 between the two groups before treatment (P\>0.05). After treatment, RR decreased, whereas, FVC and FEV1 increased in both groups (P\<0.05), and RR in the observation group was lower than that in the control group (P\<0.05), FVC and FEV1 were higher than those in control group (P\<0.05) ([Table IV](#tIV-etm-0-0-7966){ref-type="table"}).

### 6-min walk experiment

There was no significant difference in the results of 6-min walking test between the two groups before treatment (P\>0.05), but the 6-min walking distance of the two groups increased after treatment (P\<0.05), and the 6-min walking distance in the observation group was longer than that in the control group (P\<0.05) ([Fig. 1](#f1-etm-0-0-7966){ref-type="fig"}).

### Changes of IL-6 and TNF-α expression levels

There was no significant difference in serum IL-6 and TNF-α levels between the two groups before treatment (P\>0.05). After treatment, the levels of IL-6 and TNF-α in the two groups decreased (P\<0.05), and the IL-6 and TNF-α levels in the observation group after treatment were significantly lower than those in the control group (P\<0.05) ([Table V](#tV-etm-0-0-7966){ref-type="table"}).

### Relationship between IL-6, TNF-α and the clinical therapeutic effect

According to the effect of clinical treatment, the patients were re-divided into two groups. The patients who had significant therapeutic effect and the effective treatment were treated as the effective group, and those who had no effect were treated as the ineffective group. The results of ROC curve analysis showed that IL-6 evaluation of effective and ineffective AUC, critical value, sensitivity and specificity were 0.743, 13.72 ng/ml, 52.42 and 65.38%, respectively. The AUC, critical value, sensitivity and specificity of TNF-α were 0.723, 17.74 ng/ml, 92.00 and 49.71%, respectively ([Table VI](#tVI-etm-0-0-7966){ref-type="table"} and [Fig. 2](#f2-etm-0-0-7966){ref-type="fig"}).

Discussion
==========

Silicosis still has a high incidence in many countries in the world, including China, and South Africa. The main pathogenesis of silicosis is the humoral immune excess caused by macrophages, lymphocytes and their cytokines, as well as cellular immunosuppression, which leads to immune dysfunction or imbalance. Inflammatory reaction and pulmonary fibrosis are important pathological changes and cause respiratory impairment ([@b12-etm-0-0-7966]). At present, there is no cure method for silicosis. It is of great significance for clinical treatment of silicosis to find new drugs or therapeutic regimens.

The anti-inflammatory effect of tetrandrine has been proven. Seow *et al* ([@b13-etm-0-0-7966]) reported that tetrandrine can inhibit the uptake of deoxyglucose by neutrophils and monocytes and inhibit the adhesion of inflammatory cells. Mazurek *et al* ([@b14-etm-0-0-7966]) demonstrated that tetrandrine could inhibit the random movement, chemotaxis and phagocytosis of human neutrophils *in vitro*. It can inhibit the shunt activity of hexose-monophosphate and the production of hydrogen peroxide and superoxide anion, so as to exert anti-inflammatory effects such as anti-phagocytosis, and anti-oxidation. Tetrandrine also plays an anti-fibrotic role through calcium channel block. In the past few decades, tetrandrine has been widely used in the clinical treatment of silicosis, and the combination of drugs has a more obvious inhibitory effect on the formation of fibrosis ([@b15-etm-0-0-7966]). But there is no single drug or treatment that can completely cure silicosis so far. Acetylcysteine is the precursor of glutathione, which can supplement the content of glutathione in the body and enhance the antioxidant effect of the organism. Acetylcysteine also has an antioxidant effect that protects biological macromolecules by reducing oxidized disulfide bonds to eliminate hydroxyl radicals and hydrogen peroxide, and inhibits the proliferation of fibroblasts and the formation of extracellular matrix to play an anti-fibrotic role ([@b16-etm-0-0-7966],[@b17-etm-0-0-7966]). Acetylcysteine has been used in the treatment of pulmonary fibrosis in the past, such as the treatment of idiopathic pulmonary fibrosis with pirfenidone, and has achieved a good clinical therapeutic effect ([@b18-etm-0-0-7966]). However, few studies have been reported on the application of acetylcysteine in silicosis, especially in clinical studies.

The clinical efficacy of acetylcysteine combined with tetrandrine tablets in the treatment of silicosis was studied prospectively. There was no statistical difference in sex, age and other general data between the two groups, suggesting that the two groups of patients included in this study were comparable. We first analyzed the therapeutic effects of the two groups of patients. Compared with the conventional treatment, the total effective rate and markedly effective rate of treatment for silicosis patients were significantly increased with the addition of acetylcysteine and tetrandrine. These results suggest that acetylcysteine combined with tetrandrine can effectively improve the therapeutic effect of silicosis. Some indexes of pulmonary function and the results of 6-min walking test also suggested the positive effect of acetylcysteine and tetrandrine. But we calculated the incidence of adverse reactions in the two groups of patients to avoid more adverse reactions caused by increased use of drugs. The results showed that there was no significant difference in the incidence of total adverse reactions and single adverse reaction between the two groups, which suggested that increasing the use of tetrandrine and acetylcysteine was still safe. But the patients in the observation group had two new adverse reactions, rash and elevation of transaminase. Due to the long period of clinical treatment of silicosis, it is necessary to remind patients to pay close attention to the changes in the course of treatment, and to go to the hospital for regularly review. At present, there are few studies on the combination of acetylcysteine and tetrandrine in the treatment of silicosis. Some studies reported that, compared to routine treatment, tetrandrine combined with acetylcysteine can effectively alleviate clinical symptoms such as cough and dyspnea, improve pulmonary function, reduce oxidative stress levels and limit the progression of fibrosis in silicosis patients, which also confirms the accuracy of our results.

This study did not analyze the changes of oxidative stress levels in the two groups of patients, but analyzed the changes of IL-6 and TNF-α and its relationship with therapeutic effect. IL-6 and TNF-α are two factors closely related to inflammatory reaction, and their elevated levels may indicate an increase in the degree of inflammatory response in the body ([@b19-etm-0-0-7966],[@b20-etm-0-0-7966]). The results of this study showed that the degree of improvement of inflammatory reaction in the observation group was significantly better than that in the control group. The results of ROC analysis suggest that the levels of IL-6 and TNF-α have a good diagnostic value in the clinical treatment of silicosis. The AUC of effective and ineffective differential therapy were 0.743 and 0.723, respectively. These results suggest that the detection of IL-6 and TNF-α may reduce the use of X-ray and other imaging methods to a certain extent, and reduce the cost of treatment.

This study also has some shortcomings. The prospective study inevitably has Hawthorne effect. In addition, this study did not carry out a long follow-up, so the final outcome of the patient cannot be judged. We will continue to track patients and evaluate their long-term outcomes.

In conclusion, tetrandrine combined with acetylcysteine can effectively improve the clinical therapeutic effect of silicosis, alleviate the degree of inflammation and improve the levels of IL-6 and TNF-α in peripheral blood, which is valuable in judging the clinical therapeutic effect of silicosis.
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![Results of the 6-min walk experiment. After treatment, the 6-min walking distance in the observation group was significantly longer than that in the control group. \*P\<0.05.](etm-18-05-3383-g00){#f1-etm-0-0-7966}
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###### 

General information.

  Features                     Control group (n=108)   Observation group (n=88)   χ^2^/t   P-value
  ---------------------------- ----------------------- -------------------------- -------- ---------
  Sex \[n (%)\]                                                                   0.444    0.505
    Male                       70 (64.81)              61 (69.32)                          
    Female                     38 (35.19)              27 (30.68)                          
  Age (years)                  48.67±12.59             52.44±14.72                1.932    0.055
  BMI (kg/m^2^)                18.25±0.83              18.37±0.62                 1.124    0.262
  Stage \[n(%)\]                                                                  0.345    0.833
    I                          55 (50.92)              41 (46.59)                          
    II                         35 (32.41)              31 (35.23)                          
  III                          18 (16.67)              16 (18.18)                          
  Dust exposure time (years)   7.43±3.25               7.83±3.47                           
  Type of work \[n (%)\]                                                          4.361    0.499
    Roadheader                 32 (29.63)              23 (26.14)                          
    Stonecutter                39 (36.11)              26 (29.55)                          
    Raw material worker        11 (10.18)              12 (13.64)                          
    Rock driller               13 (12.04)              12 (13.64)                          
    Stoker                     11 (10.18)                9 (10.23)                         
  Comminution worker           2 (1.85)                6 (6.82)                            
  Smoking history \[n (%)\]                                                       0.034    0.854
    Yes                        22 (20.37)              17 (19.32)                          
    No                         86 (79.63)              71 (80.68)                          

###### 

Analysis of clinical efficacy \[n (%)\].

  Clinical efficacy      Control group (n=108)   Observation group (n=88)   χ^2^     P-value
  ---------------------- ----------------------- -------------------------- -------- ---------
  Markedly effective     49 (45.37)              58 (65.91)                 8.252    0.004
  Effective              36 (33.33)              28 (31.82)                 0.051    0.822
  Ineffective            23 (21.30)              2 (2.27)                   57.843   \<0.001
  Total effective rate   85 (78.70)              86 (97.73)                 57.843   \<0.001

###### 

Analysis of the incidence of the complications \[n (%)\].

  Complications                               Control group (n=108)   Observation group (n=88)   χ^2^     P-value
  ------------------------------------------- ----------------------- -------------------------- -------- ---------
  Abdominal distension                        3 (2.78)                2 (2.27)                   0.050    0.824
  Nausea                                      2 (1.85)                3 (3.41)                   0.473    0.492
  Chromatosis                                 0 (0.00)                2 (2.27)                   Fisher   0.200
  Itching of the skin                         2 (1.85)                1 (1.14)                   0.165    0.685
  Transaminase elevation                      0 (0.00)                3 (3.41)                   Fisher   0.088
  Total incidence rate of adverse reactions   7 (6.48)                11 (12.50)                 2.106    0.147

###### 

Detection of lung function.

  Lung function index   Control group (n=108)                                      Observation group (n=88)                                   t        P-value
  --------------------- ---------------------------------------------------------- ---------------------------------------------------------- -------- ---------
  RR (time/min)                                                                                                                                        
    Before treatment    42.31±7.15                                                 43.26±7.64                                                 0.897    0.371
    After treatment     37.72±5.42^[a](#tfn1-etm-0-0-7966){ref-type="table-fn"}^   30.15±5.13^[a](#tfn1-etm-0-0-7966){ref-type="table-fn"}^   9.961    \<0.001
  FVC (%)                                                                                                                                              
    Before treatment    75.16±7.57                                                 76.21±7.42                                                 0.975    0.331
    After treatment     80.63±7.28^[a](#tfn1-etm-0-0-7966){ref-type="table-fn"}^   89.06±7.17^[a](#tfn1-etm-0-0-7966){ref-type="table-fn"}^   8.118    \<0.001
  FEV1 (%)                                                                                                                                             
    Before treatment    71.42±8.04                                                 70.58±8.26                                                 0.719    0.473
    After treatment     74.33±7.53^[a](#tfn1-etm-0-0-7966){ref-type="table-fn"}^   85.67±7.85^[a](#tfn1-etm-0-0-7966){ref-type="table-fn"}^   10.288   \<0.001

P\<0.05, compared with the same group before treatment. RR, respiratory rate; FVC, forced vital capacity; FEV1, first second forced expiratory volume.

###### 

Changes of IL-6 and TNF-α expression levels.

  Expression levels    Control group (n=108)                                      Observation group (n=88)                                   t       P-value
  -------------------- ---------------------------------------------------------- ---------------------------------------------------------- ------- ---------
  IL-6 (ng/ml)                                                                                                                                       
    Before treatment   15.39±6.83                                                 15.97±8.14                                                 0.542   0.588
    After treatment    13.32±5.35^[a](#tfn2-etm-0-0-7966){ref-type="table-fn"}^   10.01±5.13^[a](#tfn2-etm-0-0-7966){ref-type="table-fn"}^   4.388   \<0.001
  TNF-α (ng/ml)                                                                                                                                      
    Before treatment   21.59±5.59                                                 20.22±9.13                                                 1.291   0.198
    After treatment    19.75±6.34^[a](#tfn2-etm-0-0-7966){ref-type="table-fn"}^   17.11±5.02^[a](#tfn2-etm-0-0-7966){ref-type="table-fn"}^   3.178   0.002

P\<0.05, compared with the same group before treatment. IL-6, interleukin-6; TNF-α, tumor necrosis factor-α.

###### 

Relationship between IL-6, TNF-α and the clinical therapeutic effect.

  ROC curve index   IL-6           TNF-α
  ----------------- -------------- --------------
  AUC               0.743          0.723
  95% Cl            0.635--0.850   0.637--0.809
  Cut-off           13.72 ng/ml    17.74 ng/ml
  Sensitivity (%)   52.42          92.00
  Specificity (%)   65.38          49.71

IL-6, interleukin-6; TNF-α, tumor necrosis factor-α.
